D-penicillamine cooperates with copper sulfate to enhance the surface expression of functional Fas antigen in rheumatoid synovial fibroblasts via the generation of hydrogen peroxide.
D-penicillamine (DP) has been shown to cooperate with copper ion to inhibit cell growth in a variety of cell types. To determine whether this inhibitory action is involved in Fas-mediated apoptosis, we examined the effect of DP and copper sulfate on the expression and function of Fas antigen in rheumatoid synovial fibroblasts (RSFs). The expression of Fas antigen on the cell surface was determined by flow cytometric analysis. Western blot analysis was performed to examine the protein expressions of Fas and Fas-ligand In addition, the amounts of apoptotic cells were determined by 4', 6-diamidino-2'-phenylindol dihydrochloride (DAPI) and propidium iodide (PI) staining. Although DP and copper sulfate alone did not affect the surface expression of Fas antigen on RSFs, both in combination augmented the Fas expression in dose- and time-dependent manners. The enhanced expression of Fas antigen on their surface was also observed in interleukin-1alpha (IL-1alpha) and/or tumor necrosis factor a (TNFalpha) stimulated RSFs. On the other hand, the combination of DP and copper sulfate did not increase the amounts of cellular Fas protein, as determined by Western blot analysis. To determine whether the induced Fas antigen is functional, we examined the effect of DP and copper sulfate on Fas-mediated apoptosis, using an agonistic anti-Fas antibody. The treatment of this antibody induced the apoptosis in untreated RSFs, as determined by DAPI staining. The combination of DP and copper sulfate further enhanced the Fas-mediated apoptosis. The enhanced apoptosis and cell surface expression of Fas was completely prevented by catalase, indicating that hydrogen peroxide may be involved in these effects of DP and copper sulfate. The protein expression of Fas-ligand, a natural ligand for Fas antigen, in RSFs. was expressed in untreated RSFs. However, the protein levels were not modulated by DP and copper sulfate. Our data demonstrated that DP cooperated with copper sulfate to enhance the cells surface expression of functional Fas antigen in RSFs. In addition, Fas-ligand was expressed in the RSFs. These findings suggested that DP might regress rheumatoid synovial hyperplasia via Fas-mediated apoptosis.